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Fig.1 (a) Paleogeographic location of the North China Block in the Cambrian Miaolingian (modified from

reference [28]); (b) synthetical strata of the Cambrian in Henanl**-34; (c) paleogeographic pattern in the Cambrian

iaolingian of the North China Block[!
/j \ N
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3.1 BHERIIEH
311 ARFEAE

FEARFAAE 352 m, RIEEMERMES N=8 (B 2) o JRES—BJE 7.2m, LR
REBRMRETI, ABKKNARE, B mBKPFEENRE (B 2a) 3 EFEEER
BROEZRACFEENKRAZS (B2b, o , k—EMARNEENSZ0E (B 2b
JEHD 5 R EHA— B R AN UG RS (B 2e) , RS T ERE
R EA —E M R (I8 20) o s R 14.5m, EERRKEIEEFIREK
H (B3, KE KBRS Thalassinoides suevicus. WAL _E3IBE S K 050+ 3 4,
M FEEZ s R R A fE K S% IR ShR I AL |, SIBERIAES, W
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Fig.2 Synthetical str nd microscopic photos of Zhushadong Formation in Dengfeng area

L
(chronostra 1gr}%d its from reference [33], biostratigraphy from reference [34])
(a) gypsum karst breccia; (b) stromatolite calcite dolomite; (c) laminated calcite dolomite, plane-polarized light(PPL) ; (d) flat-pebble

conglomerate; (¢) bimodal cross-bedding fine grained limestone; (f) fine grained limestone, PPL; (g) laminated calcite dolomite; (h)

calcite dolomite, staining of alizarin red, PPL

3.1.2 RiEFHAE

5 BRI BN i BRI T AE MR B H3E Thalassinoides suevicus. T.suevicus NTEJZ
T E2 0 XK ARG (K 3a, b)), XA Y-B5 308 E . IR EREH N 3~8 mm,
HAE SR B B R, RAE— MR TE 10~13 mm. Tsuevicus % L340, A%
JETHT, TR 2 A 58 ORI B TR IR 8 L T b 52 e AR F) PR A3 , 18 0L S B % (]
3d) , MBNRERER, —BAEE 3em (B3, d) . BRIGHEAYEE LI KEG (&
3a)  LE M (B 3b, &) MRKE (B 3c) , HEKEMEETEBRECE RN, 5
B NSRRI AGGR A A A8 E, TS FERR TR, B B i s
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4 .

K3 BRI Thalassinoides suevicus B4 F1 & 40s% 18 Fr

(a) ZM EMKE Tsuevicus, HAYNKE, BLA3; (b)) EM EIKE Tsuevicus, HEAYNLEE, Bl A4 (o) HI
W Tsuevicus, HFYINIRKE, Blgh 5 (d) HIH L1 Tsuevicus, YN LM, Bl N2 (e, D) & Tsuevicus FIKA,
Hfwdt, HEFLTER Tsuevicus
Fig.3 Field and microsco@' & ’f-}halassinoide suevicus from the Zhushadong Formation in the Dengfeng

area

(a) large number of T.suevicus in the bedding plane, with gray filling, BI is 3; (b) large number of T.suevicus in the bedding plane, with
earthy yellow filling, BI is 4; (¢) T'suevicus_in a vertical section, with dark gray filling, BI is 5; (d) T.suevicus_in a vertical section, with

carthy yellow filling, Bl is 2; (e, f) limestone containing T:suevicus, PPL, the white arrows mark the T:suevicus
32 RPHKEA
3.2.1 RARFF4ELE

WPIKE A S 133 m, ARAEAERES U (B 4) o JRE—BJE 158 m, FEHK
REFHBRIK A SRR AEAR (B4 , hEKUZEAHRBEE RS (B4 o F
B 202 m, EENMAEMENEDRIKE (K 4b, o) K—ERAHERMEKE M
ik K, AEIIREIIE A Balanoglossites triadicus. WANYIE EERNEZEA (K 4b) Ak
o (E4e, d o TEHE=ZERE35m, ARRIKCEMEDNAKELZ (Bl de, D , 4



Y s #)i& N Thalassinoides horizontalis (F5) « EEBEEINEJE 62 m, 2 LLUJE ZE AR HL
KERNTE (Eag) , REEMRAESMEVRSIIE (B 4g) 5 SR IR N
5], ZERAPIRGUZEE ), ki, REhiifda (- 4h) .
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) Balanoglossites triadicus nl‘l’mruﬁn'.\' isp. A W) A A 4k 2 Hy itk =0 A

EER 7halassinoides bacae E;’WJR[H\‘\HHH(L‘\‘ horizontalis Type 1 Thalassinoides horizontalis Type 2
i
[ 4 %m%%ﬁ%ﬁé, SMRLE IR CRERMESHCR33], MR Z RO [34])
(a) WNCIRIKE 5T d RAITHIRESE28E:  (b) BEAKE: (o) AMMBICEFERAT: (D BRA, Bt (e

WRLRE AR KA (O EWshRE, B (g JERGRAEMAEDRERE: (b)) GikieE, Fit
Fig.4 Synthetical strata, field and microscopic photos of Zhangxia Formation in Luoyang area
(chronostratigraphic units from reference [33], biostratigraphy from reference [34])
(a) laminated limestone and mudstone with flat-pebble conglomerate; (b) stromatolite limestone; (c) bioturbated limestone with
thrombolites; (d) thrombolites, PPL; (e) grainstone and bioturbated limestone; (f) bioturbated limestone, PPL; (g) thick-bedded oolitic

limestone and bioturbated limestone; (h) oolitic limestone, PPL
322 BITFAFLE

KEHKREREMB LW A, H Thalassinoides horizontalis 7y A 1£ = B T 6,
Thalassinoides bacae 7 AitEVUEL &8 Thalassinoides horizontalis W ZAFHIER DN ETH %2
I3 S YR I ARAE Y SOEAS « 4y SCAEE RN SR EARIAE, 5 APANEEL . Thorizontalis
Type 1 (K 52) , A YB3, HLEEEK, 2~30cm, £°5 15~30 cm, E1F 8~12 mm,
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R EEME RGN, BA X NEE, WA, —80h 2 S AATERMBCIRIRE
B E, REEZ R RAMERTES Z AR (B 5b) o 5 Thorizontalis Type 1 £ 1)
HREWAVENRE, BB MMEBRK, FEAN=W R . Thorizontalis Type 2 43 Afi 1E
Thorizontalis Type | Z LHIHBEFEEZICE BT L, 2 T-830, 453D, BKE
2~4 cm, ¥ENEARN T~8 mm, ZH E2IWLIRE (K 5¢) , EVRshER, BI A3,
HEE WE ARSI ER (B 5d) s BE AR & 78 F (B 5d) . Thalassinoides
bacae 5y AR TEVY BTG EIRL I CE 2 (M (MR f KCE b, BIE 0. AEAREEIENM
WRBERRG (B Se~g) , AFEIE L2 MR mCREKZ AR, BH 5L (B 5g) , #mtk
BRI B TE ELREIR . MREREE (B Se, ©) , MIAERIE, X8 15cm; EHREFR
JEH B, Aot BE AR AH A VB & 7 A A 2B R, A BESMEDEH B SeE = A R, T L B e
e sn 7 A 4L (B 5h)

b

B 5 I&FHTKE 4 Thalassionides 5540 e I8 Fr
(a) JZT L/ Thorizontalis Typel, HEMRELRE, BIA2; (b) =NENLH Thorizontalis Typel, MELRE, ARPIERK
AR ZRSEZE A, BLA2; (o) 2 LW Thorizontalis Type2, TiEtaf3ETY, BI AN 3; (d) Thorizontalis Type2 &



WeR, BoRBERVNBREAL, o RS IER, BE R EA: (o) HITH L/ Thacae, BERMMLBNRER,
BAXIE, BIA2; (O HIH M Thacae, BI N 3; (g) Ei LM Thacae, BI N 3; (h) % Thacae K%, FEMiHIE
BT AFBE. SRR A RO A, AL

Fig.5 Field and microscopic photos of Thalassinoide from the Zhangxia Formation in the Luoyang area

difference of burrow filling, lining, halo, and surrounding rock can be clearly seen, PPL
3.3 #BEERE LA
33.1 RARFAFIE

BRER ILAH)E 21 m, WIBEMRES = (B 6) , TH—BE 121 m, FERHK
KE—IRIREEZRBIRE SKEORELE (Bl 6a, e , REZITHARTRE KA FHZ
ik s (B 6b) R K E & A A/ BT Mycellia (B 6¢) AR LA
NS (B 6D , EtJeA ZH BA = dig i Eed) MESE Rk (B 6D .
HE R 5.5 m, FEOAMTHERBRIE AKCE, SR ACE AR K S EA EKE, S0
o) EAESE, DURRIMDIRGE MO, BPURMEL, AERZEEORBRE S, A B
MEREE . FM=BE 3.4m, NIRKERYIRG IR KCE SARE RS Ok (B e , K
B2 BB R EMBEMERE (B 6g, W/4
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Fig.6 Synthetical }&t siiﬂhd microscopic photos of the Gushan Formation in the Hebi area
(Chronostratigraphie Units from reference [33], biostratigraphy from reference [34])

(a) light gray limestone and grayish yellow mudstone interlayer; (b) conglomerate, micrite, and oolitic limestone; (c) tiny trace fossil
Mpycellia isp.; (d) trilobite debris on mudstone in the bedding plane; () dark grey thin-bedded micrite; (f) micrite and mudstone, PPL; (g,

h) bioturbated limestone, grainstone, and microbialite
332 HIFFAFAE

B i 1) 2 = BT 2 R KA TR B Thalassinoide bacae. T.bacae 1 5. — 3k J@& Fh
i Z, 72T ERHRERIR (B 72) BIREMEIRTRE (B 70) , BL Y-8 30RE (8 70),
FHDE TR (B 70) o Thacae K EATEE, 55 L RFETEIMCIIEZ RALIE FI 19 2
AN A e AR, T EATEERE N (B 7d) o BN ERA 5~8 mm. Tbhacae £
JETANHTE _E AR e BB, BI N 2~3, MBRE—HR/DT 5 om. RS THERIH R
YRR B DA & B = O, ATBERI LS B N T A (B 7e, D) o



e 3 mm . S8 :
B 7 #SEER 1L Thalassinoide bacae B 4N B AU IR
(a~c) B LM Thacae; (d) #IH_EH) Thacae; (e, ) & Thacae WK%, FIEMHE BT/ GEHEY . B, 2B H

I 2200, Bt
Fig.7 Field and microscopic photos of Thal

acae from the Gushan Formation in the Hebi area

(a-c) T.bacae in the bedding plane; (b-d) T.bacae in a vertical section; (e, ) limestone containing 7.bacae, the composition difference of

burrow filling, lining, halo and surrounding rock can be clearly seen, PPL
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[F)— %t 120 J& 1 A W) B S A [E) AR S S e K A W Py @ a7, T a8t 2R A

AR, — R BE T PORER L KB 561 B IR A S B 5% 2 5 T R & R Bs390,
Thalassinoides 1 )3k #ETIRR T ILIE AL A7, FLB A 808 S 03 5 TR A el
VR AR, R R BEM R P KT Thalassinoides, FEAL4E =852 R ) P4 4>
RN, KESPENTIBRSEMLE S, WIWE KRR,

FEARA —BEWREMNKENRKRA RS, KEKTFLUR, REREEAIRE 2
T TR AET T2 T AR MIE T 0, AR A BEX 1) 52 4 J2= B A W A F K 7= 4,
RUZBOVAER Bt . —BOV—EEMINN IS, RATHARERE KE, TERRAETE 4K T )
TR, B A2 BN . Thalassinoides suevicus SIUEM EFFE HEMN R BEINR
ik, fa7 1 E RV G AR TR, KBNS ATV Z2 8 X, g
1421, RS AN, Hig L 55 A RO, 4 ST HIRERE ACE B EL, IR
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BEUIRWBA —E R B G5 1R8], ZBEGUR K A ma IR R A BRI s, KE SR
&, UHIKAAR, ZARAERISR, 9l b

e bR AL Tk B R A e KR A, R R N BRa B R B B B0, IR BH K E
H—BIRKOPeEMITCERE, AP, B/RETHIREREE, RUTTRA S T
AKX, ZKIRAE R GRIR LT P, S KRB EHBUK, (EE/RZRIRBENR M. B
B YIRS UE ) i A& /D8 Balanoglossites triadicus WL KG9, Ui KR
JEAR R, KRS BA BTN, 9B R Aok X . BN R RRLACE S & Thalassinoides
horizontalis Type 1 FIWEMUIR KA, T RGFREE M AL PR MERT IR K X, KB A 26 Ao, 8 32 ik
IR IR, T 7R3, k& SNE YIS, TERERER, ENEE
KHNRAR RS, HUTREER, EVRA LR EAT >3 1fi Thalassinoides
horizontalis Type 2 IRAFTERUR RS KA T, ZZHEMFERE L, RV, (HZR
IRAMEEL Thalassinoides horizontalis Typel /1N, 73 SCHIBRER N B CEEE IDGH, #BIVTAR
HERAE, HEEEKR, FIRUEREE, AW eyiARYR T K M Psh, HyiRUR
JiEAT — 5 B [ 45 P4l HOR R B T horizontalis Type 1 B&UR, KARSNHEREAR, 4
BRI,

2% PH 3 B2 2E T 0 B A J2 A A o AP , SRS 4 20 3 1 e, SASE [ Dy 52 ot 7 A R 4
] AT R L R Re 305 I B RLMEIR 58 . T Bacae K8 15 5 JZ IR AR S B AR 5 96 2 v
HA LI R A b 2 ) T M@ S AR, 3 Y SO S ke R V), IR AT R A e
SR e RE (] SR BRI, R ASEIIEE, KAR B2 AR S AR Thacae T EE L HAL
W, 1A NI B — B IR IR S, TR 2R 0 = ARG M o R 0% HLIS R A B A T
AW B A R R A I T X RE 0 DA SE N E 7R A AR B Z ) g 021,

PYBE B 1) 2 — B R BRI O — IR K (I Z e dh e 5 KB e B, W) Rk
IR =, MR AN Mycellia f& SBMKREGV A B P AR, Iz g
A7 AR SR A, BEE—PAESE T YT A . —BATHHIRBRIE ACE , SR ACE &
BAERE, SRS, U BIRKEARE, R TRk . B = BRRE A
WM LKA RIS Thacae FIAEVMIRENK S, LV RER —BAL, SHIKEME. RE
LI ZH [ Thacae HITEAFHE S TR AL, (HH I BB F MK, XA AE P& VTR
HYGER, BLAKIRRE A LR, SAEREREHAER.

g5 bRk, MR R Thalassinoides MIEAZ N SRR RA B VIN LR, (R
IR R T8 L A 1] R B KR Tsuevicus, THAETTREZREL, SR F-Y0 5 78 AL i

oY



RLHEMERT B R B MEK . 0 SCRIERIZACTEIX Thorizontalis Type 15 B 7K A4 7 i
WO, BB S HARE/MA Thorizontalis Type 25 1EF-31 F /b8 77 I Rl
SRR h AL AEYEIE K B R BER] Thacae (1&18) . MIERZHIHIFITE KL
TG, Thalasinoides WITLAZMIAAGE A, WEBTE BRI . WILRIZ K — 4B 0% HT
AR R =YEE N RS WA AT EERUR & BUR K EATEE, Sk 1528V RO A [F A4
A IR SR ) SR M LA R AT 9 S I BEAE

il [ 455 163 16 Sl A A ] e S eI K X LAITRES N ES N AKX
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Fig.8 Relationship schematic model between different forms of Thalassinoides and various paleoenvironmental

factors from the'€ambrian in Henan province
5 45k

FE R R KB RKEN Thalassinoides, FLiRMIH 7 =AM E YN RA: S
KAL) Tisuevicus, WK E I Thacae. T horizontalis Type 1 A1 Type 2, #9BE R 121
) Tbacae. & FH KRR suevicus 7& Y- 53 W) (5 CALBE KD JZTHEBY JE PPIRIE 7K &
i, BEN, BRTKESHG . BRIMNERVRERLWH . KHKIHA=B
Thorizontalis Type 1 UL Y-BU2)370 . /) SCIAIBEK . B K NHEAE, BBioAi, T Kzh i,
SUSRVE FRYIIR B DURUE 2 i iR MERT ¥ 7K X, Thorizontalis Type 2 LA T-A1 43 3
Sy IR RL . EARRS/N, PRBh5REE R ONRFE, T8RSk b (1) ME AT BOAR K X o 1§ BHIK 41100
BRI L 20 = BXY) Tbacae JE A T 10) 8 I K B JEATBER = HERPIRIE N RS, Bl ERE
WA, T RCT - PR ZE R MR L M D) R PR Vi s 2 PR TR A TR

Hilt B FAEERARRBELIT A ARG S ZH OB E AR AP
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Trace Fossil Thalassinoides and Its Paleoenvironmental

Factors from the Cambrian in Henan Prevince
WANG Min'?, XIONG Dan', QI YongAn!?, YANGWenTao'?, FENG Kelia!

1. Institute of Resource and Environment, Henan Polytechnic University, Jiaozuo, Henan 454003, China

2. Henan International Joint Laboratory of Biogenic Traces and Sedimentary Minerals, Jiaozuo, Henan 454003, China

Abstract: [Objective] A large number of Thalassinoides trace fossils developed in the Cambrian strata of Henan
Province. We studied the morphology and distribution/Characteristics of different ichnospecies and analyzed their
sedimentary environment controlling factors. [Methods} Based on lithology and ichnography, the morphology,
size, disturbance depth, and disturbance intensity of Thalassinoides in this area were combined with sedimentary
environment parameters. [Results and Discussions] The dense network Thalassinoides suevicus features Y-shaped
branches with enlarged intersections, developed in the intertidal zone where water is turbulent and oxygen is
abundant. Sparse Thalassionides| horizontalis Type 1, which is Y-shaped long branches with large diameters,
formed in the shallow water area in, front of the oolitic beach with abundant oxygen and nutrients due to water
turbulence. Thalassionides horizontalis Type 2, T-shaped short branches with smaller diameters, occurred in
deeper waters on the seaward side in front of the oolitic beach. The three-dimensional, boxed burrows of
Thalassionides bacae, featuring vertical tubes, branches, and thick lining walls, developed in interbeach-confined
seas and deep subtidal zones where oxygen and nutrients were deficient. [Conclusions] The variation in different
ichnospecies and morphologies of Thalassinoides is controlled by factors such as water depth, water kinetic energy,
nutrients, and oxygen content of the sedimentary environment. The trace maker adopted different strategies to cope
with the changing sedimentary environment.

Key words: Cambrian; carbonate platform; bioturbation; sedimentary environment
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